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TITLE OF THE INVENTION 
[0001] HEATING ROLLER, METHOD OF PRODUCING THE HEATING ROLLER, 
AND HEATING DEVICE, FIXING DEVICE AND IMAGE FORMING APPARATUS 

USING THE HEATING ROLLER 



BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a heating roller of a hollow cyhnder form, a heating 
device having the heating roller, a fixing device having the heating roller or the heating 
device, an image forming apparatus such as a copying machine, a facsimile machine, a 
printer, and a printing machine having the heating roller, the heating device or the fixing 
device, and a method of producing the heating roller. 

Discussion of the Backgroimd 

[0003] An image forming apparatus such as a copying machine, a facsimile machine, a 
printer and a printing machine generally includes a fixing device having a heating roller of a 
hollow cyhnder form. The fixing device is a mechanism for fixing a toner image transferred 
onto a sheet. 

[0004] The heating roller is made of metal in general, and is thinned for decreasing the heat 
capacity thereof so that heat response property thereof relative to a heating device which 
heats the heating roller can be improved. However, because of the thinning, the rigidity of 
the heating roller is decreased. When a heating roller 1 18 is used in a fixing device 116 
illustrated in Figures 9, 10 and 1 1, a pressing roller 119 illustrated in Figiu-es 9, 10 and 1 1 
press-contacts the heating roller. Therefore, a bend is caused in the longitudinal direction of 
the heating roller 1 18 as illustrated in Figure 9, or a crush is caused in the vertical direction of 
the shaft of the heating roller 1 1 8 as illustrated in Figure 1 0. When the bend or the crush is 
caused in the heating roller 1 18, a gap is caused at a nip portion between the heating roller 



118 and the pressing roller 1 19 as illustrated in Figure 1 1, the bend or the crush becomes 
maximum in the center portion of the heating roller in the longitudinal direction thereof, and 
a nip width in a sheet-passing direction of the center portion becomes narrow. When the nip 
width thereof becomes narrow, a heat amount which is supplied to a transfer member, to 
which a toner image is transferred and which passes between the heating roller 118 and the 
pressing roller 119, becomes small, and a fixing failure occurs. 

[0005] Such a failure becomes remarkable when the outside diameter of the heating roller 
1 18 in the center portion in the longitudinal direction thereof is made smaller than that in both 
end portions in the longitudinal direction thereof in order to prevent wrinkles of the transfer 
member when the transfer member passes the nip portion. The failure becomes especially 
remarkable when the thickness of the heat roller 1 1 8 in the center portion thereof is made 
smaller than that in both end portions by cutting the outer circumference surface of the center 
portion. 

[0006] In Japanese Laid-Open Patent Publication 10-228201, a technique has been 
proposed to perform material processing-hardening by adding an external force to the inner 
circumference surface and the outer circumference surface of a heating roller so that the 
strength of a heating roller is improved by the processing-hardening during material 
deformation. Further, in Japanese Laid-Open Patent Publication 10-039665, a technique has 
been proposed such that the strength of a heating roller is improved by forming a rib in the 
inner circumference surface of the heating roller. 

[0007] However, an apparatus using the technique proposed in Japanese Laid-Open Patent 
Publication 10-228201 is large and has low productivity. Moreover, in the technique in 
Japanese Laid-Open Patent Publication 10-039665, the heat capacity of a heating roller is 
increased in the portion thereof in which the rib is formed, and thereby it is difficult to 
maintain a uniform temperature of the heating roller as the temperature is rising. 



[0008] 



SUMMARY OF THE INVENTION 
Preferred embodiments of the present invention provide a heating roller in which a 
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bend or a crush is not caused to suppress the increase of heat capacity, even when a thin 
heating roller is used, and manufacturing can be relatively easily performed. The preferred 
embodiments of the present invention provide a heating device having the heating roller, a 
fixing device having the heating roller and a heating device, and an image forming apparatus 
such as a copying machine, a facsimile machine, a printer and a printing machine, etc. having 
the heating roller, the heating device or the fixing device, and a method of producing the 
heating roller. 

[0009] According to a preferred embodiment of the present invention, a heating roller 
includes a core of hollow cylinder form, wherein a thickness of the core is greater in a center 
portion thereof than in both end portions thereof. 

[0010] Further, in the heating roller, an inside diameter of the core is smaller in the center 
portion thereof than in the end portions thereof. 

[0011] Further, in the heating roller, an outside diameter of the core is substantially 
constant in a shaft direction of the core. 

[0012] Further, in the heating roller, an outside diameter of the core is smaller in the center 
portion thereof than in the end portions thereof. 

[0013] Further, in the heating roller, the thickness of the core continuously increases firom 
the end portions thereof toward the center portion thereof. 

[0014] Further, in the heating roller, a difference of the thickness of the core between the 
end portions and the center portion thereof is set such that a nip width of the center portion 
thereof is substantially the same as that of the end portions thereof, and such that a difference 
of a temperature in a longitudinal direction of the heating roller, when the temperature is 
rising, is within a predetermined range. 

[0015] According to another preferred embodiment of the present invention, a method of 
producing a heating roller includes drawing a core of hollow cylinder form, and cutting an 
outer circumference surface of the core, wherein a thickness of the core is greater in a center 
portion thereof than in both end portions thereof. 

[0016] Further, in the method of producing a heating roller, during drawing, the core is 
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drawn is such that an inside diameter of the core is smaller in the center portion thereof than 
in the end portions thereof, 

[0017] Further, in the method of producing a heating roller, during cutting, the core is cut 
such that an outside diameter of the core is substantially constant in a shaft direction of the 
core. 

[0018] Further, in the method of producing a heating roller, during cutting, the core is cut 
such that an outside diameter of the core is smaller in the center portion thereof than in the 
end portions thereof. 

[0019] According to another preferred embodiment of the present invention, a heating 
device including a heating roller includes a core of hollow cylinder form, and a thickness of 
the core is greater in a center portion thereof than in both end portions thereof, and a heating 
element is configured to heat the heating roller. 

[0020] Further, in the heating device, an inside diameter of the core of the heating roller is 
smaller in the center portion thereof than in the end portions thereof. 

[0021] Further, in the heating device, an outside diameter of the core of the heating roller is 
substantially constant in a shaft direction of the core. 

[0022] Further, in the heating device, an outside diameter of the core of the heating roller is 
smaller in the center portion thereof than in the end portions thereof. 
[0023] Further, in the heating device, the thickness of the core of the heating roller 
continuously increases from both end portions thereof toward the center portion thereof. 
[0024] Further, in the heating device, a difference of the thickness of the core of the heating 
roller between both end portions and the center portion thereof is set such that a nip width of 
the center portion thereof is substantially the same as that of the end portions thereof, and 
such that a difference of a temperatxu-e in a longitudinal direction of the heating roller, when 
the temperature is rising, is within a predetermined range. 

[0025] According to another preferred embodiment of the present invention, a fixing device 
including a heating roller includes a core of hollow cylinder form, a thickness of the core is 
greater in a center portion thereof than in both end portions thereof, and a pressing roller is 
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configured to contact-press the heating roller. 

[0026] Further, in the fixing device, an inside diameter of the core of the heating roller is 
smaller in the center portion thereof than in the end portions thereof 

[0027] Further, in the fixing device, an outside diameter of the core of the heating roller is 
substantially constant in a shaft direction of the core. 

[0028] Further, in the fixing device, an outside diameter of the core of the heating roller is 
smaller in the center portion thereof than in the end portions thereof. 
[0029] Further, in the fixing device, the thickness of the core of the heating roller 
continuously increases from both end portions thereof toward the center portion thereof. 
[0030] Further, in the fixing device, a difference of the thickness of the core of the heating 
roller between the end portions and the center portion thereof is set such that a nip width of 
the center portion thereof is substantially the same as that of the end portions thereof, and 
such that a difference of a temperature in a longitudinal direction of the heating roller, when 
the temperature is rising, is within a predetermined range. 

[0031] According to another preferred embodiment of the present invention, the fixing 
device includes a heating device including a heating roller including a core of hollow cylinder 
form, wherein a thickness of the core is greater in a center portion thereof than in both end 
portions thereof, and a heating element configured to heat the heating roller. A pressing 
roller is configured to contact-press the heating roller. 

[0032] Further, in the heating device, an inside diameter of the core of the heating roller is 
smaller in the center portion thereof than in the end portions thereof. 

[0033] Further, in the heating device, an outside diameter of the core of the heating roller is 
substantially constant in a shaft direction of the core. 

[0034] Further, in the heating device, an outside diameter of the core of the heating roller is 
smaller in the center portion thereof than in the end portions thereof. 
[0035] Further, in the heating device, the thickness of the core of the heating roller 
continuously increases fi"om both end portions thereof toward the center portion thereof. 
[0036] Further, in the heating device, a difference of the thickness of the core of the heating 
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roller between the end portions and the center portion thereof is set such that a nip width of 
the center portion thereof is substantially the same as that of the end portions thereof, and 
such that a difference of a temperature in a longitudinal direction of the heating roller, when 
the temperature is rising, is within a predetermined range. 

[0037] According to another preferred embodiment of the present invention, an image 
forming apparatus includes a photoconductive member, a charger configured to charge the 
photoconductive member, an exposure device configured to form an electrostatic image on 
the photoconductive member, a developing device configured to develop the electrostatic 
image on the photoconductive member, a transfer device configured to transfer the developed 
image onto a sheet-like medium, and a fixing device configured to fix the transferred image 
onto the sheet-like medium, the fixing device including a heating roller including a core of 
hollow cylinder form, a thickness of the core being greater in a center portion thereof than in 
end portions thereof, a heating element configured to heat the heating roller, and a pressing 
roller configured to contact-press the heating roller. 

[0038] Further, in the image forming apparatus, an inside diameter of the core of the 
heating roller is smaller in the center portion thereof than in the end portions thereof. 
[0039] Further, in the image forming apparatus, an outside diameter of the core of the 
heating roller is substantially constant in a shaft direction of the core. 
[0040] Further, in the image forming apparatus, an outside diameter of the core of the 
heating roller is smaller in the center portion thereof than in the end portions thereof, 
[0041] Further, in the image forming apparatus, the thickness of the core of the heating 
roller continuously increases fi-om the end portions thereof toward the center portion thereof. 
[0042] Further, in the image forming apparatus, a difference of the thickness of the core of 
the heating roller between the end portions and the center portion thereof is set such that a nip 
width of the center portion thereof is substantially the same as that of the end portions 
thereof, and such that a difference of a temperature in a longitudinal direction of the heating 
roller, when the temperature is rising, is within a predetermined range. 



6 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0043] A more complete appreciation of the present invention and many of the attendant 
advantages thereof will be readily obtained as the same becomes better imderstood by 
reference to the foUov^ing detailed description when considered in conjunction with 
accompanying drawings, wherein: 

[0044] Figure 1 is a schematic side view illustrating a heating roller, a heating device 
having the heating roller, a fixing device having the heating roller, heating device and fixing 
device, and an image fomiing apparatus having the heating roller, heating device and fixing 
device of the present invention; 

[0045] Figure 2 is a fi-ont view illustrating the fixing device shown in Figure 1 ; 
[0046] Figure 3 is a side view illustrating the fixing device shown in Figures 1 and 2; 
[0047] Figure 4 is a schematic front and sectional view illustrating a heating roller of one 
embodiment of the present invention; 

[0048] Figure 5 is a schematic fi-ont and sectional view illustrating a heating roller of 
another embodiment of the present invention; 

[0049] Figure 6 is a fi-ont and sectional view illustrating the drawing process of the 
producing method of the heating roller of the present invention; 
[0050] Figure 7 is a fi-ont and sectional view illustrating the cutting process of the 
producing method of the heating roller of the present invention; 

[0051] Figure 8 is a schematic fi-ont view illustrating a fixing device of a belt fixing method 
of the present invention; 

[0052] Figure 9 is a fi-ont view illustrating a prior art fixing device; 
[0053] Figure 10 is a side view illustrating a prior art fixing device; and 
[0054] Figure 1 1 is a fi-ont view illustrating a prior art fixing device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0055] Referring now to the drawings, wherein like reference mmierals designate identical 
or corresponding parts throughout the several views, preferred embodiments of the present 
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invention are described. 

[0056] As illustrated in Figure 1, an image forming apparatus ICQ, functioning as a copying 
machine to which the present invention is applied, has a photoconductive member 1 which 
rotates in an arrow sign direction. A charger 2, a cleaner 3, a developing device 7 including a 
developing sleeve 5 which visualizes an electrostatic latent image on the photoconductive 
member 1 by suppljing a toner, and a transfer device 6 are arranged around the 
photoconductive member 1 . Numeral 40 indicates a laser optical system in which a laser 
beam L is irradiated and scanned on the photoconductive member 1 between the developing 
device 7 and the charger 2 and thereby optical writing is performed. 
[0057] At a lower portion of the image forming apparatus ICQ a paper feed cassette 10 is 
provided so as to be detachable in an arrow sign direction "a". A sheet P serving as a 
member onto which a toner image is transferred is stored in a paper feed cassette 10. The 
sheet P is held by a lower board 1 1 and is pressed to a paper feed roller 13 by way of an arm 
12 by a force of a spring. According to the rotation of the paper feed roller 13 by a conunand 
jfrom a control device 37, an uppermost sheet in the paper cassette 10 is conveyed to a pair of 
registration rollers 15 at a downstream side thereof A separation pad 14 prevents plural 
sheets from being conveyed together, 

[0058] A fixing device 16 has a heating roller 18 of a hollow cylinder form (called a fixing 
roller in some cases) as a heating member, and a pressing roller 19 which press-contacts and 
faces the heating roller 18. The sheet P passes a nip portion 46 (see Figure 3) formed by the 
rollers 18 and 19, and thereby a toner image is fixed onto the sheet P. A paper ejecting 
stopper 25 is arranged at the end of the paper ejecting tray 22 so as to be slidable in an arrow 
sign direction 'V\ so that the size of the paper ejecting tray 22 corresponds to the size of a 
sheet to be ejected. 

[0059] An operation panel 30 is arranged at the right side of the image forming apparatus 
100, and projects at a front side of an upper portion (at a right-upper side in the image 
forming apparatus 100 in Figure 1) of an exterior cover 31. Further, the paper feed tray 32 is 
pivotably installed at a hinge 33. In a case 34 arranged at a left side in Figure 1 are stored a 
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control device 37 (a controller board) and electric devices, such as a power source 35 and a 
print board 36 (an engine driver board). In a backside of the image formmg apparatus in 
Figure 1 is arranged a fan F as an air flow-generating device for exhausting an air in the 
image forming apparatus 100 toward outside. A cover 38 constituting the paper ejecting tray 
22 can pivot on a pivotable fulcrum 39 so as to be opened. 

[0060] As illustrated in Figure 2, the fixing device 16 has the heating roller 18 and the 
pressing roller 19, which is pressed to the heating roller 18 by a pressing force of a spring. 
The nip portion 46 (see Figure 3) is formed between the rollers 18 and 19 by press-contact of 
the pressing roller 19 to the heating roller 18. The heating roller 18 is attached to fixing side 
boards 50 and 50 by way of bearings 52 and 52 and heat insulation bushes 51 and 51, and is 
rotatably driven by a gear 53 which engages with a driving source. A radiation heater 23 as a 
heating element is inserted through the hollow cylinder portion of the heating roller 18, and 
the end portions of the radiation heater 23 are held by a heater holding member. The heating 
roller 18 and the radiation heater 23 form a heating device 42. 

[0061] The radiation heater 23 is formed fi:^om a tungsten filament covered with a glass tube 
filled with nitrogen or inert gas to prevent oxidation of the filament, and halogen material 
including iodine, bromine, chlorine or the like. As an alternative configuration for heating 
the heating roller 18, an exothermic ceramic formed in a pipe form so as to be an exothermic 
body layer may be integrated with the heating roller 1 8 at a surface or an inside thereof 
Further, a roller pipe itself may be heated by induction heating etc. so that the heating roller 
18 itself is heated. On the outer circumference surface of the heating roller 1 8, a fluorine 
containing resin-layer of Teflon (polytetrafluoroethylene) coat etc. of approximate 10-30 
m is formed in order to heighten the releasing property of an image forming agent such as a 
toner etc. relative to the heating roller 1 8. 

[0062] The pressing roller 1 9 is made of a heat-resisting elastic layer 43 of silicon rubber 
and a core layer 44 of iron covered with the elastic layer 43. A shaft member 45 of iron 
integrated with the core layer 44 is attached to the fixing side boards 50 and 50 by way of the 
bearings 41 and 41 so as to be rotatively supported, as illustrated in Figiu-e 3. The core layer 
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44 and the shaft member 45 may be made of aluminum or alloy of mainly iron and aluminum 
etc. A silicon oil as a releasing agent may be coated on the surface of the pressing roller 19 
by a releasing agent-coating device in order to heighten the releasing property. The pressing 
roller 19 rotates together with the heating roller 18, and the sheet P is passed through the nip 
portion by the rotation of the rollers 18 and 19 so that a toner image T is fixed onto the sheet 
P by the heating of the heating roller 18 and the pressing of the pressing device 19. During 
fixing, the sheet P is conveyed such that the toner image T faces the side of the heating roller 
18. 

[0063] A temperature sensor 60 contacts a surface of the heating roller 18, and a signal 
detected by the temperature sensor 60 is sent to a CPU 63 by way of an input circuit 61 . The 
CPU 63 is configured so as to control energizing of the radiation heater 23 by way of a driver 
62 on the basis of the detected temperature of the heating roller 1 8. When the power source 
in the image forming apparatus 100 is tumed on, a current flows to the radiation heater 23 by 
way of the driver 62, and the temperature of the heating roller 18 is rapidly increased to the 
set temperature of around 180C . 

[0064] The heating roller 18 is made of a metal such as iron or aluminum, etc., of a pipe 
form. However, the heating roller 18 may be made of an alloy of mainly iron or aluminum. 
The heating roller 18 may be also made of glass, ceramic, or heat resistant-resin, or a part 
thereof may be made of these materials. Further, the heating roller 1 8 may be made of a heat 
resistant insulator such as PPS, liquid crystal polymer or enamel. 

[0065] The heating roller 1 8 in this embodiment is formed by only a core. However, when 
a releasing layer is formed on the surface of the core, the core and the releasing layer 
constitute the heating roller 18. Therefore, in this embodiment, the heating roller 18 is the 
core itself. 

[0066] As is apparent in Figure 4, with respect to the heating roller 18, the inside diameter 
of the center portion thereof is smaller than that of both end portions thereof, and the outside 
diameter of the center portion thereof is smaller than that of both end portions thereof, in the 
longitudinal direction. Thereby, the thickness of the center portion is greater than that of both 
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end portions. The end portions on which the heat insulation bushes 51 and 51 are arranged 
are constant in their outer and the inside diameters. However, the thickness continuously 
increases toward the center portion from both end portions, in a portion between the end 
portions. 

10067] More specifically, the whole length of the heating roller 18 is 380 nun, and the 
material thereof, i.e. the material of the core, is aluminum. The straight portions 18a of the 
end portions are 30 mm in length, 40 mm in outside diameter, 39.2 mm in inside diameter 
and 0.4 mm in thickness of the core. 

[0068] The smallest portion of the outside diameter 18b in the center portion is 39.9 mm in 
outside diameter, 38.7 mm in inside diameter, 0.6 mm in thickness of the core, and the 
thickness continuously increases toward the center portion of the core. The difference of the 
outside diameter between the end portions and the center portion is 0.1 mm, and the 
difference of the thickness of the core between the end portions and the center portion is 0.2 
mm. 

[0069] When the difference of the outside diameter between the end portions and the center 
portion is too small, wrinkles are caused when a thin sheet is fed. When the difference is too 
large, errors of an image are caused by the difference of the circumferential speed between 
the end portions and the center portion. Consequently, the difference of the outside diameter 
between the end portions and the center portion is determined considering such wrinkles of 
the sheet and errors of the image, and changes according to the rotation speed, etc. Usually, 
the difference of the outside diameter between the end portions and the center portion is set 
within the range of approximate 0.04 — 0.2 mm. 

[0070] With respect to the difference of the thickness between the end portions and the 
center portion, the deformation of the roller 1 8 can be suppressed and a wide and uniform nip 
can be obtained by thickening the center portion of the core. However, when the center 
portion is too thick and the difference between the end portions and the center portion is too 
large, the heat capacity of the center portion is larger than that of the end portions, and thus 
the difference of the thickness changes according to the material, the outside diameter and the 



thickness of the roller core, the load weight of the heating roller, and the electric power of the 
heater. The above difference of the thickness of the core is set so that the nip widths in a 
sheet-passing direction of the center portion and the end portions can be uniform, and so that 
the difference of temperature in the longitudinal direction of the roller during the temperature 
rising time can be within a predetermined range. 

[0071] The difference of the thickness of the core between the end portions and the center 
portion is usually set within the range of approximate 0.06 - 0.2 mm. 

[0072] In this embodiment, the outside diameter of the pressing roller 19 is 30 mm, and it 
press-contacts the heating roller 18 by a load weight of 100 N, and thereby the width of the 
nip portion 46 is 6 mm. The linear speed is 180 mm/s. 

[0073] By having such a form with respect to the heating roller 1 8, the rigidity of the center 
portion of the heating roller 18 in the longitudinal direction thereof is improved, and the bend 
illustrated in Figure 9 or the crush illustrated in Figure 10 which has conventionally occurred, 
is not caused. Therefore, the state where the bend or the crush occurs as illustrated in Figure 
10 is not caused, the width of the nip portion 46 is long enough to fix and maintain the state 
as illustrated in Figures 2 and 3. 

[0074] The heating roller 1 8 in this embodiment is formed in a so-called hand drum form 
such that the outside diameter of the center portion is smaller than that of both end portions in 
the longitudinal direction thereof However, if the thickness of the center portion is thicker 
than that of the end portions, the outside diameter may be constant as illustrated in Figure 5, 
or the diameter of the center portion may be larger than that of the end portions such that the 
heater roller 18 is formed in a barrel form. Further, the inside diameter of the center portion 
may have a constant portion as illustrated in Figure 7. Furthermore, the end portions of the 
heating roller 18 are not necessarily required to have a uniform thickness. The change of the 
thickness may be linear or curved. Furthermore, if the partial increase of the heat capacity 
can be ignored, the change of the thickness may have discontinuous points. 
[0075] Figures 6 and 7 illustrate a method of producing a heating roller in which the inside 
diameter of the center portion is smaller than that of the end portions. At first, as illustrated 
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in Figure 6, an outer circumference surface of an original pipe 118, which is a hollow 
cylinder form and which has constant thickness, is engaged with a ring-like member 48, and 
the ring-like member 48 and the original pipe 1 18 are relatively moved in the longitudinal 
direction thereof. In this process, by changing the diameter of the member 48, drawing is 
performed so as to make the inside diameter of the center portion smaller than that of the end 
portions, with the thickness of the original pipe 1 18 maintained. Consequently, cutting is 
performed as illustrated in Figure 7 in which the original pipe 1 18 is rotated around the shaft 
47, and by contacting a blade 49 to the outer circumference surface of the original pipe 118 
and by moving the blade 49 and the original pipe 118 relatively in the longitudinal direction 
of the original pipe 1 18, the outer circumference surface is cut so that the outside diameter is 
made to have a predetermined value. 

[0076] Figure 7 illustrates a case where the outside diameter of a heating roller is constant. 
However, a heating roller of a hand drum form as illustrated in Figure 4 can be produced by 
changing the distance between the blade 49 and the shaft 47. In Figure 7, the inside diameter 
of the original pipe 118 has a constant portion in the center portion thereof. However, by 
controlling the change of the diameter of the member 48, the original pipe 1 1 8 can be formed 
such that the inside diameter does not have the constant portion in the center portion thereof 
Further, the material of the original pipe 1 18 which can be processed by this producing 
method is preferably one of those described above such as metal, etc. Moreover, when a 
layer of fluorine containing resin is formed on the outer circumference surface of the heating 
roller 18, the layer is formed after the above cutting process. 
[00771 In the image forming apparatus 100 described above, charging of the 
photoconductive member 1 with the charger 2, forming of the electrostatic latent image with 
the laser beam L, developing with the developing device 7, transferring with the transfer 
device 6, cleaning with the cleaning device 3, and discharging with the discharger, are 
sequentially performed, and the charging process is performed again in synchronism the 
rotation in the arrow sign direction of the photoconductive member 1. Further, the sheet P is 
conveyed from the paper feed cassette 1 1 or the paper feed tray 32 toward a transfer region 



where the photoconductive member 1 faces the transfer device 6, and is fed to the transfer 
region at a timing which synchronizes with the timing of the toner image formation on the 
photoconductive member 1 by the pair of the registration rollers 15 so that the toner image is 
formed on the sheet P. The toner image transferred on the sheet P by the transfer process is 
guided to the nip portion 46 of the fixing device 16, and passes the nip portion 46 due to the 
rotation of the heating roller 18 and the pressing roller 19. 

[0078] In the fixing process, the heating roller 18 is directly heated by the thermal radiation 
of the radiation heater 23 and the surface thereof is maintained at a predetermined 
temperature suitable for fixing. The pressing roller 19 is indirectly heated by way of the 
heating roller 18, and the heating roller 18 and the pressing roller 19 are press-contacted with 
each other. Thereby, the toner configuring an unfixed image is melt-fixed, and the fixing of 
the image is performed on the sheet P. The pressing roller 19 is driven with the heating roller 
18 by way of the sheet P in the sheet-passing region. In the fixing process, because the 
heating roller 18 does not have a portion where the heat capacity is relatively increased, a 
temperature distribution is stable in the longitudinal direction. Therefore, unevenness of the 
fixing is not caused and a temperature rise is rapidly performed, too. Because the heating 
roller 1 8 is shaped in a hand drum form, wrinkles of the sheet P are not caused when the sheet 
P passes the nip portion 46. The sheet P on which the toner image is fixed in the fixing 
process passes a pair of sheet rollers 20 and is ejected from an ejection opening 21 onto a 
paper eject tray 22 to be stacked with the face of the image facing down. 
[0079] In the embodiments described above, a fixing device is described in which the 
heating roller 18 is a driving member and the pressing roller 19 is a driven member, 
respectively, and the radiation heater 23 as a heating element is arranged at the side of the 
driving member 6. However, substantially the same configuration can be practiced in a 
fixing device of a belt fixing type. 

[0080] An embodiment of this type is illustrated in Figure 8. A fixing device 70 in this 
embodiment is provided with a fixing roller 72, a heating roller 76 which h2is a halogen 
heater 74 as a heating element inside, an endless fixing belt 78 which is wound around the 
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fixing roller 72 and the heating roller 76, a pressing roller 82 which is arranged so as to face 
the fixing roller 72 and which is press-contacted to the heating roller 72 sandwiching the 
fixing belt 78, by a pressing force of a spring 80, and a thermistor 84 which detects the 
temperature of the fixing belt 78 at the side of the heating roller 76. Inside the pressing roller 
82, too, a halogen heater 86 is arranged in the same manner as the heating roller 76. The 
fixing roller 72 has a core 72a and an elastic material layer 72b which is formed around the 
outer circumference of the core 72a. 

[0081] The sheet P on which a toner image is transferred and is carried, is conveyed in an 
arrow sign direction, and enters a nip portion of the fixing roller 72 and the pressing roller 82. 
When the sheet P passes the nip portion, it is heated and pressed so that the toner 88 is melt- 
fixed onto the sheet P. 

[0082] Preferably, the fixing belt 78 is approximately 10 - 200 m i n thickness, and has at 
least a base member of a metal belt such as stainless steel and nickel, or a film of heat 
resistant resin such as polyimide, and more preferably, a releasing layer such as silicon rubber 
and fluorine containing resin which is formed on the base member in order to increase the 
releasing property. The heating device has only to be installed in order to heat at least one of 
the driving member and the driven member. 

[0083] As the sheet-like medium, those which can be used in the thermal fixing device as 
described above, such as an OHP sheet, an envelope, a cardboard and the like, can be used. 
As the image forming agent, not only toner but other agents can be used. An image which is 
formed by such an image forming apparatus may be a monochromatic image or a color image 
including a fiiU-color image in this embodiment. Further, the image forming apparatus may 
be a type to form an image only on one side of the sheet-like medixmi, or a type to form 
images on both sides thereof. Further, in the fixing device, coating of a releasing agent onto a 
driving member is effective for improving the releasing property. A releasing agent-coating 
device may be arranged for a driven member, or for each of the driving member and the 
driven member of the fixing device when the image forming apparatus performs image 
formation for both sides of a sheet. 
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[0084] The embodiments described above are described with respect to the cases where a 
heating roller or a heating device of the present invention is applied to a fixing device. 
However, the heating roller or the heating device may be used in a thermal transfer device or 
a device for removing wrinkles of other sheet-like media, such as paper money, etc., and the 
use of the heating roller or the heating device is not limited to an image forming apparatus. 
[0085] According to one aspect of the present invention, in a heating roller having a core 
and a hollow cylinder form, the thickness of the core is greater in a center portion than in 
both end portions. Therefore, even when a thin core is used, rigidity of a center portion in the 
longitudinal direction of the roller where stress causing bending or crushing concentrates is 
improved. Thus, a partial increase of heat capacity is suppressed, and simultaneously the 
deformation caused by the bending or the crushing is prevented from occurring. 
[0086] Because the heating roller contacts bearings and gears in both end portions thereof, 
heat conducts to the bearings and the gears when the temperature rises, and the temperature in 
the longitudinal direction immediately after heating tends to be lower in the end portions than 
in the center portion. In order to solve the failure, conventionally the exothermic distribution 
in the longitudinal direction of the heater which is set inside the roller is set larger in the end 
portions than in the center portion. In the present invention, because the thickness of the core 
is greater in the center portion than in the end portions, even when the heat capacity of the 
end portions is small and the exothermic distribution of the heater is flat, the temperature 
distribution in the longitudinal direction immediately after heating can be uniform. 
[0087] According to another aspect of the present invention, in the heating roller, the inside 
diameter of the core is smaller in the center portion than in the end portions. Therefore, the 
thickness of the core can be greater in the center portion than in the end portions without 
making the outside diameter in the center portion larger than in the end portions. 
[0088] According to another aspect of the present invention, in the heating roller, the 
outside diameter of the core is substantially constant in the shaft direction. Therefore, 
manufacturing can be easy. 

[0089] According to another aspect of the present invention, in the heating roller, the 
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outside diameter of the core is smaller in the center portion than in the end portions. 
Therefore, wrinkles can be prevented by the hand drum form. 

[0090] According to another aspect of the present invention, in the heating roller, the 
thickness of the core increases continuously from the end portions toward the center portion. 
Therefore, a partial increase of the heat capacity can be further suppressed. 
[0091] According to another aspect of the present invention, in the heating roller, the 
difference of the core between the end portions and the center portion is configured so that 
the nip width of the center portion can be substantially the same as that of the end portions 
and the temperature difference in the longitudinal direction of the roller during heating can be 
in a predetermined range. Therefore, the heating time can be shortened and the fixing failure 
can be prevented. 

[0092] According to another aspect of the present invention, after a member of a hollow 
cylinder form is process by drawing, an outer circumference svu*face thereof is processed by 
cutting, and thereby the core is made and the heating roller is manufactured from the core. 
Therefore, a manufacturing method of low cost which is relatively easy and is suitable for 
mass-production can be achieved without greatly changing a conventional manufacturing 
process of a roller. 

[0093] According to another aspect of the present invention, the configuration has the 
heating roller and the heating device using this heating roller. Therefore, a heating device 
which obtains the technical advantages described above can be provided. 
[0094] According to another aspect of the present invention, the configuration has the 
heating roller or the heating device, and has the pressing roller which contact-presses this 
heating roller. Therefore, a fixing device which obtains the technical advantages described 
above can be provided. 

[0095] According to another aspect of the present invention, 

[0096] the configuration has the heating roller, the heating device or the fixing device. 
Therefore, an image forming apparatus which obtains the technical advantages described 
above can be provided. 



[0097] Numerous additional modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the present invention may be practiced otherwise than as specifically 
described herein. 

[0098] The present application claims priority and contains subject matter related to 
Japanese Patent Application Nos. 2000-187,045 & 2001-141,459 filed in the Japanese Patent 
Office on Jxme 22, 2000 & May 11, 2001, and the entire contents of which are hereby 
incorporated by reference. 
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